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Abstract

Uncontrolled inflammatory response during sepsis predominantly contributes to the development
of multi-organ failure and lethality. However, the cellular and molecular mechanisms for excessive
production and release of proinflammatory cytokines are not clearly defined. Here, we show the
crucial role of the GTPase Ras-related protein in brain (Rab)1a in regulating the NLRP3
inflammasome activation and lung inflammatory injury. Expression of dominant negative Rabl
N1241 plasmid in bone marrow-derived macrophages prevented the release of IL-1p and 1L-18,
NLRP3 inflammasome activation, production of pro-IL-1p and pro-IL-18, and attenuated Toll-like
receptor 4 surface expression and nuclear factor-kB activation induced by bacterial
lipopolysaccharide and ATP compared with control cells. In alveolar macrophage-depleted mice
challenged with cecal ligation and puncture, pulmonary transplantation of Rabla-inactivated
macrophages by expression of Rabl N124| plasmid dramatically reduced the release of IL-1p and
IL-18, neutrophil count in bronchoalveolar lavage fluid, and inflammatory lung injury. Rabla
activity was elevated in alveolar macrophages from septic patients and positively associated with
severity of sepsis and respiratory dysfunction. Thus, inhibition of Rabla activity in macrophages
resulting in the suppression of NLRP3 inflammasome activation may be a promising target for the
treatment of patients with sepsis.
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Introduction

The host immune response to bacterial infection is an important determinant of the
pathogenesis and outcome of sepsis. Upon antigen recognition, immune cells are activated
and release pro-inflammatory cytokines that drive the “cytokine storm” and uncontrolled
inflammatory response and lead to serious multi-system dysfunction and death (1). Among
pro-inflammatory cytokines, IL-1p is a key proinflammatory cytokine released at sites of
infection or injury, that stimulates secretion of numerous downstream pro-inflammatory
mediators such as TNF-a, IL-1, IL-6, and cyclooxygenase type-2 (2). Furthermore, IL-1p
has been demonstrated to be the most biologically active cytokines in the lungs of patients
with acute lung injury (3). However, the cellular and molecular mechanism by which the
active IL-1p is released from cells remains elusive.

The nucleotide binding domain-like receptor family, pyrin domain containing 3 (NLRP3)
inflammasome consists of three molecules: cytosolic innate immune sensor NLRP3, adaptor
apoptosis-associated speck-like protein containing a caspase recruitment domain (ASC), and
caspase-1. Activation of NLRP3 inflammasome requires two signals: a priming signal is
usually induced by TLR-mediated NF-xB signaling which triggers production of pro-1L-1p
and pro-IL-18; and a second NLRP3-specific signal is activated by a diverse array of stimuli
such as reactive oxygen species (ROS), extracellular ATP, alum, and pore-forming toxin
nigericin (4-6). Upon activation, ASC associates with NLRP3 and pro-caspase-1 through
homotypic domain interaction to form the functional inflammasome. A conformational
change in pro-caspase-1 due to its recruitment to the inflammasome induces its autocatalytic
activity, resulting in self-cleavage to release proteolytically active caspase-1, which cleaves
pro-1L-1p and pro-I1L-18 to mature IL-1p and IL-18 forms (7). Although the regulatory
mechanism of NLRP3 activation is not completely known, NLRP3 deficient mice have been
recently reported to be resistant to polymicrobial sepsis-induced lethality (8).

Rab (Ras-related proteins in brain) GTPases are localized at distinct membrane-bound
compartments and mediate virtually all stages of membrane trafficking from the vesicle
budding at the donor membrane, transport, tethering, and docking to vesicle fusion at the
target membrane (9, 10). Amongst Rab GTPases, Rab1l, the mammalian homologue of yeast
protein transport 1 (Yptl), is a central regulator of dynamic membrane trafficking between
endoplasmic reticulum (ER) and Golgi apparatus in the secretory pathway. Beyond their
classical vesicular transport functions, Rab1 proteins also regulate expression of cell-surface
receptors, cell migration, and nutrient sensing (11). There are two Rabl isoforms, Rabla and
Rab1b, which share 92% amino-acid sequence homology with most differences in the
carboxyl terminus (12). Rabla and Rablb are mainly expressed at the ER and the Golgi
membrane, and are also detected in lipid rafts (13) and autophagosomes (14). In the present
study, we identified Rabla as a crucial regulator for the release of proinflammatory
cytokines IL-1p and IL-18 in macrophages and lung inflammatory injury.
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Materials and Methods

Mice

Patients

C57BL/6J mice were acquired from Jackson Laboratory (Bar Harbor, ME), housed in a
specific pathogen—free barrier facility, and used in experiments at 12-16 weeks of age. All
animal protocols were approved by the Institutional Animal Care and Use Committee of the
University of Illinois at Chicago. All studies were performed under anesthesia using either
1-3% isoflurane (inhalation) or ketamine/xylazine (100 mg/kg/12.5 mg/kg, i.p.).

Ten patients meeting the Sepsis-3 clinical criteria (15) and ARDS (16) were enrolled into the
current study within the first 24 h after they were admitted to the intensive care unit (ICU) of
the Affiliated Baoan Hospital of Nanfang Medical University between August 2017 and
December 2017. Patients were included if they had suspected or confirmed infection, an
increase in the Sequential (Sepsis-related) Organ Failure Assessment (SOFA) score of two
or more points for organ dysfunction, and arterial oxygen partial pressure (PaO,)/ fraction of
inspired oxygen (FiO,) < 300 mm Hg with positive end-expiratory pressure (PEEP) =5 cm
H,0. Exclusion criteria included age <18 years, pregnancy, human immunodeficiency virus
infection, treatment with corticosteroids or immunosuppressants, and unwilling to consent to
the interventions. Ten non-septic critically ill patients with no evidence of bacterial or fungal
infection were recruited as controls. Bronchoalveolar lavage fluid (BALF) samples were
obtained 6-12 h after admission. Acute Physiology and Chronic Health Evaluation
(APACHE) 1l scores and PaO,/FiO, were calculated for each patient. The patients’ clinical
and demographic data, including age, sex, APACHE Il scores PaO,/FiO, as well as the
levels of IL-1B and IL-18 in BALF were recorded (Table 1). The study protocol
(BYL20170615) was approved by institutional review board, and written informed consent
obtained from legal next of kin.

Isolation of alveolar macrophages from patients

Alveolar macrophages were isolated from BALF obtained from patients via fiber-optic
bronchoscopy as described previously (17). Briefly, a fiber-optic bronchoscope was inserted
into the tracheobronchial tree. The lung was lavaged with 30 ml aliquots of warmed sterile
saline to a total volume of 180 ml. The retrieved BALF was filtered and then centrifuged at
300 g, 4°C for 10 min. Alveolar macrophages were isolated by plating total cells in tissue
culture dishes for 2 h at 37°C and removing non-adherent cells. The purity of alveolar
macrophages was more than 95%, confirmed by flow cytometric analysis of CD68
expression.

Isolation and culture of murine bone marrow-derived macrophages

Murine bone marrow-derived macrophages (BMDMs) were isolated and cultured as
described previously (18). Bone marrow was flushed out of tibias and femur with
differentiation medium (RPMI 1640 medium supplemented with 12.5% FBS, 20% L929-cell
conditioned medium, 10 mM L-glutamine, 100 1U/ml penicillin, and 100 mg/ml
streptomycin). Cells (4x10°) were plated in 10 ml macrophage complete medium and
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incubated at 37°C and 5% CO,. On d 3, 5 ml macrophage complete medium was added to
each dish. After 7 d in culture, non-adherent cells were removed. Adherent cells were >95%
pure macrophages, as determined by the expression of cell-surface markers HLA-DR,
CD11b, and CD206.

RNA interference and cDNA transfection

BMDMs were transfected with small interfering (si) RNA using Lipofectamine®
RNAIMAX Reagent (Invitrogen). BMDM s (6.3 x 10°) were grown in 6-well plates with
antibiotic-free RPMI 1640 medium supplemented with 10% FBS and incubated at 37° C in a
CO>, incubator for 24 h. Cells were then transfected with 5-20 nM Rabla siRNA or non-
targeting control siRNA (Dharmacon) according to the protocol provided by the
manufacturer. Transfection of cDNA into BMDMs was performed using a 4D Nucleofector
X-Unit (Lonza) according to the manufacturer’s instructions. Briefly, cells were pre-
incubated in RPMI 1640 medium containing 20% FBS at 37°C, centrifuged at 200 g for 10
min, and then resuspended in P2 Nucleofector Solution (Lonza) to a concentration of 2x108
cells/100 pl (containing 2 ug plasmid cDNA). Nucleofection was performed using program
CM189.

Cytotoxicity detection

Cytotoxicity was assessed by determining the total lactate dehydrogenase (LDH) released in
the medium upon cell lysis, using Cytotoxicity Detection Kit (LDH). LDH release was
expressed as a percentage of LDH in medium to total LDH.

Western blotting and immunoprecipitation

Western blotting was performed with samples from the cultured medium and the cell lysates
(19). The cell culture media were collected and concentrated using Amicon® Ultra 10K
Filter Devices (Millipore). The cells were lysed with radioimmunoprecipitation assay
(RIPA) buffer (Boston Bio Products, BP-115). Samples were electrophoresed on 8-14%
SDS-PAGE and then transferred to Immaobilon-P PVDF transfer membranes (Merck
Millipore). The membrane was blocked, probed with primary Abs overnight at 4°C, and then
incubated with HRP-conjugated secondary Abs (1:3000~5000) at room temperature for 1 h.
The protein bands were detected with Odyssey Fc Imager (LI-COR Biosciences). Relative
band densities of proteins were quantified using ImageJ Software (NIH).

Immunoprecipitation was performed as described previously (19). BMDMs were lysed in
immunoprecipitation lysis buffer (1% NP-40, 50 mM Tris-HCI, pH 7.4, and 150 mM NacCl)
supplemented with 1 mM PMSF and protease inhibitor. The cell lysates were incubated with
an appropriate Ab overnight at 4°C, followed by addition of 20 pl protein A/G PLUS-
agarose beads for 2 h at 4°C. The resulting immunoprecipitates were dissolved in SDS-
PAGE sample buffer for electrophoresis and immunoblot analysis

Rabla activation assay

Cells were lysed with ice cold lysis buffer (50 mM Tris-HCI, pH 7.5, 2% Nonidet P-40, 10
mM MgCl,, 300 mM NaCl, and protease inhibitor). Collected lysates were incubated with
anti-Rab1-GTP monoclonal Ab and Protein A/G PLUS-agarose beads at 4°C for 1 h. The
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beads were collected by centrifugation of lysates for 1 min at 5000 g. Samples were finally
dissolved in SDS buffer for Western blotting.

Flow cytometry

Cell surface

BMDMs were detached with 10 mM EDTA/PBS solution. The pellets were collected by
centrifugation at 200 g for 5 min and washed with cold staining buffer (PBS without Ca2*
and Mg2* containing 0.5% BSA). BMDMs were resuspended in staining buffer at a final
cell concentration of 1x108/50 ul, incubated with 0.5 pg of purified anti-mouse CD16/CD32
Ab for blocking non-specific Fc-mediated interactions and then with anti-mouse CD284
(TLR4) PE (0.01 pg/ul) Ab or mouse 1gG2a x isotype control Ab for 45 min on ice, and
analyzed by flow cytometry (Becton Dickinson LSR 1).

Mitochondria-associated ROS levels were measured in BMDMs by staining cells with
MitoSOX (20, 21). Briefly, cells were incubated for 30 min at 37°C in a 10 uM MitoSOX™
Red (Invitrogen-Molecular Probes) solution prepared in 4:1 (v/v) DMEM/PBS. Cells were
harvested with 500 pl of trypsin-EDTA solution, centrifuged at 2300 g for 5 min, and
resuspended in 3 ml of 2% (v/v) FBS/PBS. Stained cells were determined with a Beckman
Gallios and data analyzed with FlowJo10 analytical software (TreeStar). The mean
fluorescence of the cell samples was then normalized to the unstained group.

biotinylation and endocytosis assay

Biotinylation of cell surface proteins was performed as described as previously (22).
BMDMs were incubated with 1.5 mg/ml sulfosuccinimidyl,2-(biotinamido) ethyl-
dithioproprionate (sulfo-NHS-SS-biotin) (Pierce) for 30 min at 4°C with gentle shaking.
Sulfo-NHS-SS-biotin blocking reagent (50 mM NH4CI in PBS containing 1 mM MgCl, and
0.1 mM CaCl,) was added to quench any unreacted biotin reagent. The biotinylated cells
were incubated with LPS (20 ng/ml) at 37°C for 20 min to allow protein endocytose and
then incubated with sodium 2-mercaptoethanesulfonate (MESNA, 100 mM) to remove any
residual surface biotin. Following cell lysis, biotinylated proteins were isolated by
incubation with NeutrAvidin beads and detected by immunoblotting. The internalization rate
was expressed as the ratio of the amount of internalized protein to the total surface control
labeled at time O min.

Immunofluorescence

Immunofluorescence was performed as described previously (23). Briefly, cells plated on
coverslips were fixed with 4% paraformaldehyde for 10 min, permeabilized with 0.3%
Triton X-100 in PBS for 5 min, and then incubated with primary Abs at 4°C overnight,
followed by incubation with fluorescent secondary Abs (1:750) for 1 h. The cells were
mounted on glass slides using antifade mounting medium with DAPI (Vectorshield,
Molecular Probes). Images were captured by a Zeiss LSM 880 laser-scanning confocal
microscope equipped with Argon laser for 488 nm, Diode 405-30 for 405nm, Diode
pumped solid state laser (DPSS) 561-10 for 561 nm and HeNe633 laser for 633 nm
excitation and beam splitters MBS 488/561/633 and MBS-405.
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ASC oligomerization assay

ASC oligomerization was detected as described previously (24). Cells were lysed in lysis
buffer A (20 mM HEPES, 10 mM KCI, 1.5 mM MgCl,, 1 mM EDTA, and protease
inhibitor), harvested, and sheared by passing them through a 27-1/2G needle for 20 times.
The lysates were centrifuged at 340 g for 8 min to remove the intact cells and nuclei. The
supernatants were collected, mixed with CHAPS buffer (20 mM HEPES, 5 mM MgCls,, 0.5
mM EDTA, 0.1% CHAPS, and protease inhibitor) and centrifuged at 2650 g for 8 min. The
pellets were resuspended in CHAPS buffer containing chemical cross-linked reagent (2 mM
disuccinimidyl suberate), rotated at 4°C for 2 h. The reaction was quenched by adding a
final concentration of 20 mM Tris (pH 7.5). Pellets containing the ASC were collected by
centrifugation at 3300 g for 10 min and dissolved in SDS buffer for Western blotting.

Preparation of mitochondria and cytochrome C oxidase activity assay

Mitochondria were prepared as described previously (25). BMDMs were washed,
resuspended in Mg Resuspension Buffer (MgRSB) (10 mM NacCl, 1.5 mM MgCl,, 10 mM
Tris-HCI, pH 7.5), incubated at 4°C for 10 min, and homogenized. The homogenate was
diluted with 1.3 volumes of mannitol-sucrose buffer (MSB) (0.525 M mannitol, 175 mM
sucrose, 12.5 mM EDTA, 12.5 mM Tris-HCI, pH 7.5) and centrifuged at 1000 g for 10 min
to remove nuclei, unbroken cells, and large membrane fragments. The supernatant was
transferred to a clean centrifuge tube and centrifuged at 16,000 g for 30 min. The pellets
(mitochondrial fraction) were collected and digested with DNase | (Sigma) at 37°C for 30
min.

Cytochrome C oxidase (CcO, or complex V) activity was measured spectrophotometrically
using Complex IV Rodent Enzyme Activity Microplate Assay Kit following the
manufacturer’s instructions (26). In brief, BMDMs were lysed with the extraction detergent
(1:10 volume detergent) followed by centrifugation at 13,000 g for 40 min at 4°C. The
supernatants were collected, loaded on the plate with a positive control sample and buffer
control included as null reference, and incubated at room temperature for 3 h. Each well was
rinsed twice with solution 1 and then 200 pl of assay solution was added. CcO activity was
determined by measuring absorbance at 550 nm at 30°C for 2 h, with approximately 2-min
intervals. The results were expressed as a percentage of CcO activity of the control (Vector)
BMDMs stimulated with LPS+ATP.

Cytokine measurements

The concentrations of IL-1p and IL-18 in the medium and BALF were measured with
ELISA kits (BioLegend) or Cytometric Bead Array (CBA) kits (eBioscience) according to
the manufacturers’ instructions.

Mouse models

Mice were depleted of alveolar macrophages by i.t. instillation of clodronate liposome (100
ul, 1:2 dilution in PBS) to anesthetized (ketamine 100 mg/kg, i.p.) mice (27). PBS or

BMDMs transfected with a vector, Rabla WT, or Rabla N1241 cDNA (2x106 cells, 200 pl
of total volume each) were given to alveolar macrophage—depleted mice via i.t. instillation.
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Polymicrobial sepsis in mice was induced by cecal ligation and puncture (CLP) as described
previously (28). Briefly, approximately two-thirds of the cecum was ligated and a single
puncture into the ligated portion made with a 16-gauge needle. The cecum was gently
squeezed to extrude a small amount of cecal content from the perforation sites and then
returned to the peritoneal cavity. Mice were resuscitated with intraperitoneal injection of 1
ml normal saline pre-warmed to 37°C. Sham-operated mice underwent the same procedure
except for ligation and puncture of the cecum. Following the operation, all mice received 0.2
ml of bupivacaine hydrochloride (0.25%) at the end of the operation.

Determination of polymorphonuclear neutrophil (PMN) counts in BALF

Mice were anesthetized with ketamine/xylazine (100 mg/kg/12.5 mg/kg, i.p.) mixture. BAL
was performed by intratracheal injection of 1 ml PBS and repeated three times. BALF was
collected, centrifuged at 500 g for 5 min at 4°C. After total cell counts were manually
obtained with a hemocytometer, the concentration of cells was adjusted to 1x10° cells/ml.
Then 200 pl cells were cytospun onto slides at 300 g for 5 min with a cytocentrifuge
(Shandon). Slides were immediately fixed, stained using Diff-Quick dye (Siemens, B4132—
1A), and examined by microscopy. The percentage of PMNSs was calculated after counting
300 cells in randomly selected fields.

Measurement of myeloperoxidase (MPO) activity

Lung MPO activity as a marker of PMN infiltration was determined following the
manufacturer’s protocol (29). MPO activity was assessed in 100 pl of supernatants in
duplicate by using development reagent at 450 nm and expressed as change in absorbance
per milligram of protein.

Determination of inflammatory lung injury

Total protein concentration in BALF was measured using Bradford protein assay (Bio-Rad).
The results were converted to pg/ul using values based on a standard curve generated with
serial dilutions of BSA.

Evans blue-albumin (30 mg/kg) was injected to the caudal vein of mice 35 min before lung
collection. The tissues were homogenized and incubated with 1 ml formamide for 18 h at
60°C followed by centrifuged at 13,000 g for 20 min. The absorbance of lung supernatants
was determined at 620 nm and corrected for the presence of heme pigments as follows:
A620 (corrected) = A620 - (1.1649 x A740 + 0.004) (30). The Evans blue index was
calculated as the amount of dye in the lung to the weight of lung tissue.

Lung histology and lung injury scoring

The lung tissue was perfused and fixed with 10% buffered formalin. Formalin-fixed tissues
were dehydrated in 70% ethanol followed by paraffin processing. The lungs were cut into 4—
5 um thick sections, stained with H&E, and determined by light microscopy. Lung injury
scores were evaluated by an investigator blinded to the treatment groups using the
histological semiquantitative scoring system as described previously (27).
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All values are expressed as means + SD. One-way ANOVA and Student Newman—Keuls test
for post hoc comparisons were used to test differences between the means of three or more
groups. Mann-Whitney U test was performed to detect significant differences between two
experimental groups. The Spearman-rank correlation was applied to determine the
correlation. A p<0.05 was considered statistically significant.

Depletion of Rabla abolishes release of IL-1f and IL-18 by murine BMDMs

To investigate the potential role of Rabla in the regulation of the secretion of IL-1p and
IL-18, Rabla expression in BMDMs was genetically manipulated by transfection with a
range of siRNA concentrations (0, 5, 10, and 20 nM) which depleted Rabla to three levels
(=50, 20, and 5%, respectively) (Fig. 1A and Supplemental Fig. 1). We observed a positive
correlation between the generation of mature 17-kDa IL-1p and 18-kDa IL-18 in media and
the level of Rabla protein expression in response to ATP stimulation after LPS priming (Fig.
1A and Supplemental Fig. 1). Depletion of Rabla by siRNA also reduced LPS/ATP-induced
active caspase-1 production and NLRP3 expression (Fig. 1A). The changes in IL-1p and
IL-18 in the cell culture medium following Rabla depletion were verified by ELISA assay
(Fig. 1B). Interestingly, we observed less intracellular pro-1L-1p and pro-1L-18 protein
expression in BMDMs transfected with Rabla siRNA (Fig. 1A and Supplemental Fig. 1).
Since ATP stimulation is known to induce pyroptosis which results in processing and release
of IL-1p and IL-18 in LPS-primed macrophages (6), we measured LDH in the culture
supernatants of macrophages to quantify cell death. As expected, low levels of LDH were
present in the culture supernatants of BMDMs stimulated with LPS, whereas higher
concentrations of LDH were observed in LPS-primed macrophages stimulated with ATP
(Fig. 1C). However, depletion of Rabla by a specific siRNA did not alter LDH release in
macrophages stimulated with LPS alone or in combination with ATP, relative to sufficient
Rabla (Fig. 1C), suggesting that the release of IL-1p and IL-18 induced by Rabla
expression is not from cell injury. Our results indicate that Rabla positively regulates the
secretion of mature IL-1p and IL-18 as well as the expression of pro-IL-1p and pro-IL-18 in
murine BMDMs.

Inactivation of Rabla abolishes release of IL-1p and IL-18 by murine BMDMs.

Rab GTPases switch between an inactive GDP-bound state and an active GTP-bound state
(11). Next, we examined whether GTP/GDP-dependent activity of Rabla is required for the
release of IL-1p and IL-18. As shown in Figure 2A and Supplemental Fig. 2A, the levels of
GTP-Rabla in BMDMs following LPS stimulation increased, peaked at 5 min and thereafter
decreased gradually. To determine the role of Rabla activity in regulating the release of
IL-1B and IL-18, BMDMs were transfected with Flag-tagged wild-type Rabla (Rabla WT)
or dominant negative guanine nucleotide binding—deficient mutant Rabla N124I plasmid
(Fig. 2B). Macrophages expressing Rabla WT showed increased production of IL-1p and
IL-18 from LPS-primed BMDMs following ATP stimulation whereas expression of Rabla
N1241 dramatically decreased the release of IL-1f and IL-18 (Fig. 2B and Supplemental
Fig. 2B). A similar pattern was seen in the expression of pro-IL-1p and pro-IL-18 in
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macrophages expressing Rabla WT and Rabla N1241I either in the presence of LPS alone or
combined with ATP. The changes in the release of IL-1p and IL-18 in macrophages
expressing different Rabla were also confirmed by ELISA assay (Fig. 2C). Similarly,
exogenous expression of Rabla WT or Rabla N1241 had no effect on LDH release in
macrophages stimulated with LPS or combined with ATP as compared with control cells
transfected with empty vector (Fig. 2D), indicating that Rabla-induced change in the levels
of IL-1B/IL-18 in the medium did not result from cell damage. Thus, Rabla activity serves
an important role in the release of IL-1p and IL-18 in macrophages in response to
stimulation with LPS and ATP.

Rabla activation stimulates NF-xB signaling for up-regulation of pro-IL-1p and pro-IL-18

The above studies showed that reduced release of IL-1f and IL-18 by inactivation of Rabla
in macrophages was at least partially due to the decreased production of pro-IL-1f and pro-
IL-18, respectively (Fig. 2B and Supplemental Fig. 2B). Since the expression of pro-IL-1p
and pro-I1L-18 is dependent on activation of NF-xB (31), we examined the role of Rabla
activity in NF-xB pathway. As expected, LPS induced an increase in phosphorylation
(activation) of NF-xB subunit p-65 and inhibitory IxBa subunit degradation in BMDMSs
transduced with vector. However, expression of Rabla N1241 abolished LPS-induced p-65
phosphorylation and IkBa degradation whereas overexpression of Rabla WT enhanced the
phosphorylation of p-65 and the degradation of inhibitory IxBa subunit (Fig. 3A). Inhibition
of NF-xB activation with the highly selective IxB kinase inhibitor BMS-345541 (32) greatly
attenuated Rabla WT expression-induced enhancement in pro-1L-1p and pro-IL-18 (Fig. 3B
and Supplemental Fig. 3) as well as the secretion of IL-1p and IL-18 (Fig. 3C) in response to
ATP stimulation after LPS priming. These results indicate that Rabla activation is required
for LPS-induced NF-xB activation which leads to an increase in the expression of pro-I1L-1f
and pro-IL-18 and subsequent release of IL-1p and IL-18 by macrophages.

Rabla up-regulates surface expression of TLR4

LPS signals through TLR4 to induce NF-xB activation (33). The total and/or surface
expressions of TLR4 are required for TLR4/NF-xB signaling (34). We thus determined
whether Rabla could modulate total TLR4 expression. Immunoblotting analysis indicated
that expression of Rabla WT or Rabla N1241 did not alter the total levels of TLR4 protein
following LPS stimulation in BMDMs (Fig. 4A). However, flow-cytometry analysis showed
that inactivation by expression of Rabla N1241 decreased, while overexpression of Rabla
WT significantly increased TLR4 surface expression in unstimulated cells compared with
control vector-transfected macrophages (Figs. 4B and 4C). Upon LPS stimulation, TLR4
surface expression was decreased in BMDMs transfected with vector, Rabla WT or Rabla
N1241 (Figs. 4B and 4C). To further determine the mechanisms by which Rabla regulates
TLR4 surface expression following LPS stimulation, we used membrane protein
biotinylation to study TLR4 internalization (19). Biotinylated cell surface TLR4 proteins
(Fig. 4D, lane 1, 4 and 7) were precipitated using streptavidin-agarose beads. Following LPS
stimulation, approximately 30% of total biotinylated TLR4 was detected in the cytoplasm
(Fig. 4D, lane 3, 6 and 9), indicating that surface TLR4 was substantially internalized and
hence protected from stripping. Endocytosis rates of TLR4 in BMDMs transfected with
vector, Rabla WT or Rabla N124I were similar after LPS treatment (Fig. 4D). Further
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analysis demonstrated that TLR4 was predominantly accumulated in the ER (marker PDI) in
BMDMs transfected with Rabla N1241 compared with that in BMDMs transfected with
vector and Rabla WT (Fig. 4E). These data suggest that Rabla activation following LPS
stimulation promotes the cell-surface expression of TLR4 through modulating TLR4 traffic
from the ER to the cell membrane.

Rabla activates NLRP3 inflammasome through mitochondrial ROS signaling

The amount of IL-1p and IL-18 secretion depends on not only the production of pro-IL-1p
and pro-IL-18, but also inflammasome—dependent activation of caspase-1 for cleavage of
these precursors (7). We thus examined whether Rabla regulated NLRP3 activation and
observed that inactivation of Rabla by expression of Rabla N1241 markedly inhibited active
caspase-1 production and NLRP3 expression in LPS-primed BMDMs stimulated with ATP,
whereas overexpression of Rabla enhanced the production of caspase-1 and NLRP3
expression compared with vector control (Fig. 5A). In NLRP3 inflammasomes, ASC must
be oligomerized to recruit pro-caspase-1 for the activation of caspase-1 (35-37). Our results
revealed that expression of Rabla N1241 in LPS-primed BMDMs greatly decreased, while
overexpression of Rabla increased, ATP-induced ASC oligomerization (Fig. 5B). Since
mitochondrial ROS are essential for NLRP3 inflammasome activation (35), we evaluated the
role of mitochondrial ROS. Treatment of macrophages with the mitochondria-targeted ROS
scavenger Mito-TEMPO (38, 39) abolished the release of IL-1p and I1L-18 in LPS-primed
BMDMs transfected with Rabla WT (Fig. 5C), demonstrating that Rabla activates NLRP3
inflammasome via mitochondrial ROS signaling.

Rabla regulates mitochondrial ROS production through modulation of cytochrome c

oxidase

CcO catalyzes the final step in mitochondrial electron transfer chain from reduced
cytochrome ¢ to molecular oxygen to form H,O. Deficiency in the expression and activity of
CcO results in mitochondrial ROS production (40, 41). In the present study, there was no
difference in CcO protein expression in BMDMs transfected with vector, Rabla WT or
Rabla N1241 cDNA either in the absence or presence of LPS and ATP stimulation (Fig.
6A). However, stimulation of BMDMs with LPS/ATP significantly reduced the activity of
CcO which is further decreased in macrophages transfected with Rabla WT cDNA. This
decrease in the activity of CcO was reversed by expression of Rabla N124I (Fig. 6B).
Furthermore, expression of Rabla N1241 markedly inhibited the production of
mitochondrial ROS in LPS-primed BMDMs stimulated with ATP, whereas overexpression
of Rabla enhanced the production of mitochondrial ROS compared with vector control (Fig.
6C). These findings indicate that Rabla activation suppresses CcO activity, leading to
increased mitochondrial ROS production. Protein interaction database shows that Rabl
interacts with CcO in Drosophila melanogaster (42). To further explore the mechanism by
which Rabla regulates CcO activity, we examined the possibility of the interaction between
Rabla and CcO in BMDMs. The association of Rabla and CcO was detected in untreated
BMDMs and increased in LPS-primed macrophages stimulated with ATP. Expression of
Rabla N124I prevented the association of Rabla with CcO whereas overexpression of
Rabla increased this association (Fig. 6D). The colocalization of Rabla and CcO were also
detected in unstimulated control cells and increased in LPS-primed BMDMs stimulated with
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ATP. Expression of Rabla N1241 blocked the colocalization of Rabla and CcO whereas
overexpression of Rabla WT promoted this colocalization (Fig. 6E). These results suggest
that Rabla activation up-regulates mitochondrial ROS production via inactivation of CcO by
its association with CcO.

Rabla inactivation in macrophages dramatically attenuates polymicrobial sepsis-induced

lung injury

Using an established /n vivo model (27, 43), we next determined whether macrophage
Rabla activation plays an essential role in lung inflammation and injury. Mice were depleted
of alveolar macrophages (Supplemental Fig. 4) and then received BMDMs that were
transfected with dominant negative Rabla N1241 cDNA to specifically inactivate Rabla. At
0.5 h after BMDM transplantation, mice were challenged with CLP or sham surgery (Fig.
7A). As described in our previous publications (27), the spatial distribution of macrophages
in alveolar macrophage—depleted lungs receiving BMDMs is uniform and comparable
among different groups. Total cell counts (Fig. 7B), PMN counts in BALF (Fig. 7C), lung
MPO levels (Fig. 7D), protein level in BALF (Fig. 7E), and leakage of Evans blue dye (Fig.
7F) significantly elevated in control mice (without alveolar macrophage depletion)
challenged with CLP. Mice depleted of alveolar macrophages showed less PMN infiltration
(Figs. 7C, 7D), exuded protein (Fig. 7E), and leakage of Evans blue dye (Fig. 7F) following
CLP challenge, whereas these responses were reversed by administration of control empty
vector-transfected BMDM s (Figs. 7C-7F), consistent with our previous findings (19, 27,
43). Alveolar macrophage—depleted mice receiving Rabla WT-transfected BMDMs showed
further increased PMN counts in BAL fluid (Fig. 7C), lung MPO (Fig. 7D), protein levels in
BAL fluid (Fig. 7E), and leakage of Evans blue dye (Fig. 7F) compared with mice receiving
vector-transfected BMDMs following CLP challenge. Importantly, these responses were
markedly attenuated in alveolar macrophage—depleted mice receiving Rabla N124I-
transfected BMDMSs. Lung tissues from control mice (without alveolar macrophage
depletion) challenged with CLP were presented with severe histological changes, including
alveolar congestion, exudates, and infiltration of inflammatory cells, in comparison with
shamed mice (Fig. 7G). These histopathological alterations in lung tissues were ameliorated
in alveolar macrophage—depleted mice challenged with CLP and reversed by administration
of control BMDMs, as seen in the significantly reduced lung injury score (Fig. 7G).
Consistently, alveolar macrophage—depleted mice receiving Rabla WT BMDMs exhibited
worse lung inflammation and injury compared with alveolar macrophage—depleted mice
receiving control BMDMSs, whereas alveolar macrophage—depleted mice receiving Rabla
N1241 BMDMs showed improved lung inflammation (Fig. 7G). The levels of caspase-1
(Fig. 7H), IL-1B and IL-18 (Fig. 71) in BALF were higher in alveolar macrophage—depleted
mice receiving Rabla WT BMDMs than those in alveolar macrophage—depleted mice
receiving control BMDMs. However, administration of Rabla N1241 BMDMs significantly
blocked CLP-induced increase in caspase-1 (Fig. 7H), IL-1p and IL-18 (Fig. 71) in alveolar
macrophage—depleted mice receiving control or Rabla WT BMDMs. Our results suggest
that macrophage Rabla regulates CLP-induced the release of IL-1p and IL-18 and lung
inflammatory injury.
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Rabla activity in alveolar macrophages is associated with the levels of IL-1p and IL-18 in
the lung and respiratory failure in ARDS patients

To determine the potential role of macrophage Rabla in inflammatory diseases, we strictly
recruited 10 patients with sepsis and 10 nonseptic controls (Table 1). Compared with the
controls, the activity of Rabla in alveolar macrophages isolated from septic patients was
significantly higher while total Rabla protein expression in alveolar macrophages was not
altered (Figs. 8A and 8B). Interestingly, the levels of Rabla activity in alveolar macrophages
strongly and positively correlated with the release of IL-1f and IL-18 in the lung (Figs. 8C
and8D). Moreover, Rabla activity was negatively associated with PaO,/FiO, (Fig. 8E) and
positively correlated with APACHE 11 scores (Fig. 8F). These results demonstrate the
importance of macrophage Rabla in lung inflammatory injury.

Discussion

Dysregulation of Rab1 expression and activation has been linked to a myriad of human
diseases such as cancer, cardiomyopathy, Parkinson’s disease and infections (11). In the
present study, our findings from the combination of primary macrophages, mouse model,
and clinical study have provided strong evidence that Rabla activation is crucial for the
production of proinflammatory cytokines IL-1f and IL-18 in macrophages and subsequent
lung inflammatory injury during sepsis. Rabla regulates the release of IL-1p and IL-18 via
1) priming macrophages by up-regulating pro-IL-1p and pro-IL-18 expression and 2)
activating NLRP3 inflammasome by generating mitochondrial ROS. Because the levels of
Rabla activity in alveolar macrophages strongly correlated with the severity of sepsis and
respiratory failure, Rabla may serve as a biomarker and a novel therapeutic target of sepsis-
induced lung inflammatory injury.

The synthesis of the precursors pro-I1L-1p and pro-1L-18 is initiated and transcriptionally
regulated by NF-xB (31). Engagement of TLR4 by bacterial products leads to NF-xB
activation (44). Rab7b, Rab10 and Rabl11a have been reported to be involved in TLR4
signaling pathway (23, 45, 46). In this study, our results clearly support the notion that
Rabla stimulates TLR4-dependent NF-kB activation and subsequent pro-1L-1f and pro-
IL-18 expression. TLR4 expression on plasma membrane is determined by the balance
between TLR4 internalization and continuous replenishment of TLR4 from intracellular
compartments ER, Golgi and endosomes (34). Our data indicate that Rabla inactivation
significantly reduced cell surface expression of TLR4 without altering total expression and
internalization of the receptor. Further analysis demonstrated that Rabla inactivation
induced extensive accumulation of TLR4 in the ER of macrophages, consistent with the
known function of Rabl in regulating the protein trafficking specifically from the ER to
Golgi apparatus (11). In addition, loss of Rabla activity prevented NF-xB activation in LPS-
stimulated macrophages. Finally, inhibition of NF-xB activation abolished the expression of
pro-I1L-1p and pro-1L-18 as well as the release of IL-1p and IL-18 in BMDMs
overexpressing Rabla in response to ATP stimulation after LPS priming. Taken together,
these results support an essential role of Rabla in regulating TLR4/NF-xB signaling and the
release of IL-1p and IL-18 by promoting TLR4 trafficking to the cell surface en route from
the ER.
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The release of mature and biologically active IL-1f and IL-18 is dependent on
inflammasome-mediated activation of caspase-1 that cleaves pro-IL-1p and pro-IL-18 (47).
In this study, we observed that decreased secretion of IL-1f and IL-18 was coupled to a
reduction in NLRP3 expression, ASC oligomerization, and caspase-1 activation in Rabla-
inactivated macrophages. These results indicate that Rabla enhances the assembly of the
inflammasome component ASC in macrophages to enable recruitment of NLRP3 and thus
amplify caspase-1 activation (37) along with production of mature IL-1p and IL-18 in
response to LPS priming and ATP stimulation. However, further studies are required to
elucidate the exact mechanisms of how Rabla facilitates ASC oligomerization to activate
NLRP3 inflammasome. It has been shown that phosphorylation of ASC at Tyr144 by INK
and Syk is critical for the oligomerization step in response to NLRP3 stimulation (48). It is
likely that Rabla activates Syk and/or JNK through ROS signaling (49) to induce
phosphorylation of ASC.

The generation of mitochondrial ROS due to mitochondrial dysfunction is considered crucial
for NLRP3 inflammasome activation (39, 50). The role of mitochondrial ROS in Rabla-
mediated NLRP3 inflammasome activation is supported by data showing that a specific
mitochondria ROS scavenger Mito-TEMPO abrogated the up-regulation of IL-1p and IL-18
generation in BMDMs overexpressing Rabla in response to LPS priming and ATP
stimulation. Mitochondrial CcO acts as the terminal enzyme system of the respiratory chain.
Accumulating evidence points to a central role for CcO in regulating mitochondrial ROS
production (40, 41). Activation of CcO induces more efficient mitochondrial coupling and
inhibits mitochondrial ROS generation by strengthening electron flux capacity of the
electron transport chain (25, 51, 52). A previous study showed that bacterial LPS
upregulated CcO expression in murine macrophage cell lines (53). In contrast, our results
demonstrated that LPS stimulation did not alter CcO expression, but instead decreased the
level of CcO activity in BMDMs following LPS stimulation. Furthermore, overexpression of
Rabla decreased CcO activity in LPS-primed BMDMs stimulated with ATP while
inactivation of Rabla completely restored CcO activity. These responses are mostly likely
linked to the stimulating effects of Rabla activation on mitochondrial ROS production. Data
from coimmunoprecipitation and confocal imaging further showed that the association and
colocalization of Rabla and CcO is greater in BMDMs overexpressing Rabla and much less
in cells expressing inactivated Rabla in response to LPS priming and ATP stimulation. Thus,
these findings, combined with others (25, 51, 52), support the model that Rab1la inhibits
CcO activity via interacting with CcO and thus promotes mitochondrial ROS production
which induces NLRP3-dependent release of IL-1f and IL-18 in macrophages. The exact
mechanisms by which Rabla regulates CcO activity require further investigation.

In summary, the current study uncovers a previously unidentified function of Rabla in the
proinflammatory response during sepsis. Our work provides the first evidence that Rabla is
a powerful regulator of the release of proinflammatory cytokines IL-1f and IL-18 in
macrophages. Rabla stimulates TLR4/NF-kB signaling by promoting TLR4 trafficking
from ER to cell membrane and activates NLRP3 inflammasome through facilitating
mitochondrial ROS generation (Fig. 9). The data from both basic and clinical studies
presented here may provide a basis for novel therapies targeting inflammasomes and
inflammation-associated diseases such as sepsis.
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Figure 1. Depletion of Rabla abolishesrelease of IL-1f and | L-18 in macrophages.
BMDMs were transfected with scrambled (Sc) or Rabla siRNA (si) at indicated
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concentrations (A and B) or at a final concentration of 20 nM (C). At 48 h posttransfection,
the macrophages were primed with LPS (20 ng/ ml) for 4 h and stimulated with ATP (5 mM)
for 30 min. (A) Effects of different levels of Rabla expression on the release of IL-1f3, IL-18
and caspase-1 (Casp-1), intracellular pro-I1L-1p, pro-1L-18, and pro-caspase-1. Following
ATP stimulation, the release of mature IL-1f and IL-18 in the culture supernatants (Sup) of
BMDMs as well as intracellular pro-1L-1p and pro-1L-18 in cell lysate (Lys) was measured
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by Western blot analysis. (B) The levels of IL-1p and IL-18 in the culture medium were
detected by ELISA. n= 3. *p<0.05, vs. control groups (LPS+ATP), Mann-Whitney test. (C)
LDH release as a measure of cytotoxicity in LPS-primed BMDMs after ATP stimulation.
Data were obtained from three independent cultures, each performed in triplicate. *p<0.05,
Mann-Whitney test. ns = no significance.
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Figure 2. Inactivation of Rabla preventsrelease of IL-1B and |L-18 in macrophages.
BMDMs were transfected with vector, Flag-tagged Rabla WT or Rabla N1241 cDNA (B-

D). At 48 h posttransfection, the macrophages were primed with LPS (20 ng/ ml) for 4 h and
stimulated with ATP (5 mM) for 30 min. (A) Time-dependent Rabla activation in BMDMSs
in response to LPS stimulation. BMDMs were incubated with LPS (20 ng/ ml) for the
indicated time points. Pull-down experiment showed the content of Rab1-GTP. (B) Effects
of different Rabla expression on the release of IL-1p8 and I1L-18 and intracellular pro-1L-1p
and pro-IL-18. Following ATP stimulation, the release of mature IL-1p and IL-18 in the
culture supernatants (Sup) of BMDM s as well as intracellular pro-1L-1f and pro-1L-18
expression was measured by Western blot analysis. (C) The levels of IL-1p and I1L-18 in the
culture medium were detected by ELISA. n= 3. *p<0.05, vs. vector control groups (LPS
+ATP), Mann-Whitney test. (D) LDH release as a measure of cytotoxicity in LPS-primed
BMDMs after ATP stimulation. Data were obtained from three independent cultures, each
performed in triplicate. 7= 3. *p<0.05, vs. control group (Vector, LPS and ATP), Mann-
Whitney test. ns = no significance.

J Immunol. Author manuscript; available in PMC 2020 January 01.

Sup

Lys



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Zhang et al.

Flag-Rab1a
Vector WT N1241
LPS(min) 0 30 0 30 0 30

P-p65 | wee s |
p65 |?——-- _|

A

IkBa |- e — - —|

Rab1a | —------|

B-actin | |
B Vector Flag-Rab1a WT
LPS+ATP = - + + <= - + =+
BMS-345541 - + - + - + - +
Pro-IL-18 | — — - |
Pro-lL-18 | = - e e o |
Rab1a | — < T 1

B-actin |— —— —— —---I

10000 - *

8000
6000
4000 -
2000 *t

0

Cc

IL-1B (pg/ml)

0=
)

1200 -
1000 -
800 -
600 -
400 -
.i.
- *

208 * il
LPS+ATP = = + + = = + +
BMS-345541 =+ =+ = + = +

Vector Rab1a WT

IL-18 (pg/ml)

Page 21

Figure 3. Rablaregulates generation of IL-1p and |L-18 via NF-xB-dependent production of

pro-IL-1f and pro-IL-18.

(A) Effects of expression of Rabla WT or Rabla N124l on IxBa degradation and NF-xB
activity following LPS challenge in BMDMs. BMDMs were transfected with Flag-tagged

Rabla WT, Rabla N1241 cDNA, or control vector. At 48 h posttransfection, the

macrophages were stimulated with LPS (20 ng/ ml) for 30 min. (B) Effects of NF-xB
inhibitor on the production of pro-IL1f and pro-1L-18. BMDMs were transfected with

empty vector or Flag-tagged Rabla WT cDNA. At 48 h posttransfection, the macrophages
were primed with LPS (20 ng/ ml) for 4 h and stimulated with ATP (5 mM) for 30 min in the
presence of BMS-345541 (3 uM) or vehicle (PBS). (C) The levels of IL-1p and IL-18 in the
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culture medium were detected by ELISA. Data are representative of three independent
experiments. *p<0.05, vs. vector control (LPS+ATP) group; Tp<0.05, vs. LPS+ATP group
(Rabla WT), one-way ANOVA.
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Figure 4. Rablainduces cell surface expression of TLR4 via enhancement of TLR trafficking to

plasmalemma.
BMDMs were transfected with empty vector, Flag-tagged Rabla WT, or

Rabla N124l|

cDNA. At 48 h posttransfection, the macrophages were incubated with LPS (20 ng/ml) for
the indicated time (A-D). (A) Effects of expression of Rabla WT or Rabla N1241 on TLR4
protein expression. (B) Representative histograms of flow cytometry experiments
demonstrating the effects of different Rabla expression on cell surface expression of TLR4
protein in response to LPS stimulation. Cell surface expression of TLR4 protein was

J Immunol. Author manuscript; available in PMC 2020 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Zhang et al.

Page 24

evaluated using phycoerythrin (PE)-conjugated MTS510 Ab and fluorescence-activated cell
sorting analysis. Black lines depict staining with irrelevant 1gG2a. (C) Quantitative data
showing changes in mean fluorescent intensity (MFI) of PE-TLR4 following LPS
stimulation (n = 3). (D) Effects of different Rabla expression on TLR4 internalization. Left
panel, cell surface biotinylation of TLR4 in BMDMs; right panel, the internalization rate.
(E) Accumulation of TLR4 in ER compartment of macrophages. Transfected macrophages
were primed with LPS (20 ng/ ml) for 4 h and stimulated with ATP (5 mM) for 30 min.
Subcellular distribution of TLR4 was detected by immunofluorescence for PDI (red) and
TLRA4 (green). Left panel, representative confocal images showing colocalization of PDI and
TLR4. Bars, 10 um. Right panel, quantification of TLR4/PDI colocalization. Results are
representative of 3 independent experiments. *p<0.05 vs. vector control (LPS+ATP),
Student ztest.
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Figure 5. Rablaregulates NL RP3 inflammasome activation through modulation of
mitochondrial ROS production.

BMDMs were transfected with empty vector, Flag-tagged Rabla WT or Rabla N124|
cDNA. At 48 h posttransfection, the macrophages were incubated with LPS (20 ng/ml) for 4
h (A) and stimulated with ATP (5 mM) for 30 min (B, C). (A) Effects of different Rabla
expression on the levels of caspase-1 (Casp-1). The release of Casp-1 in the culture
supernatants (Sup) of BMDMs as well as pro-caspase-1 and NLRP3 in cell lysate (Lys) was
measured by Western blot analysis. Left panel, representative blots showing the protein
expression of caspase-1, pro-caspase-1 and NLRP3. Right panel, densitometric analysis of
caspase-1 (7= 3 samples). The density of proteins in vector control (LPS+ATP) group was
used as a standard (1 arbitrary unit) to compare relative densities in the other groups. (B)
Effects of different Rabla expression on ASC oligomerization. Cross-linked lysates of
BMDMs were analyzed with anti-ASC immunoblotting. (C) IL-1f and IL-18 in cell-culture
media was measured by ELISA (7= 3). Transfected BMDMs were pretreated with Mito-
TEMPO (100 uM) for 1 h. *p<0.05, vs. vector control (LPS+ATP) group; Tp<0.05, vs.
corresponding WT (LPS+ATP) group, Mann-Whitney test.
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Figure 6. Rablainhibits CcO activation and increases mitochondrial ROS generation.
BMDMs were transfected with empty vector, Flag-tagged Rabla WT or Rabla N124I

cDNA. At 48 h posttransfection, the macrophages were incubated with LPS (20 ng/ml) for 4
h and stimulated with ATP (5 mM) for 30 min. (A) Effects of different Rabla expression on
CcO protein expression. (B) Effects of different Rabla expression on CcO activity. (C)
Effects of different Rabla expression on mitochondrial ROS production. Top panel,
representative histograms of flow cytometry experiments showing mitochondrial ROS
generation. Bottom panel, quantitative data showing changes in mean fluorescent intensity
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(MFI) of MitoSOX (n= 3). (D) Effects of different Rabla expression on the association of
RabZla and CcO. The association between Rabla and CcO was detected using
immunoprecipitation with anti-Rabla Ab followed by immunoblotting for CcO. (E) Effects
of different Rabla expression on the colocalization of Rabla and CcO. Top panel,
representative confocal images showing colocalization of Rabla and CcO. Bars, 10 um.
Bottom panel, quantification of Rab1a/CcO colocalization. Results are representative of 3
independent experiments. *p<0.05 vs. Vector with LPS+ATP group, Mann-Whitney test.
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Figure 7. Role of macrophage Rablain lung inflammatory injury in mice.
(A) Experimental protocols of induction and time course of lung inflammation after CLP

challenge in WT mice. Following depletion of alveolar macrophages with clodronate
liposome (CLOD), mice were challenged with CLP. BMDM s isolated from donor mice were
cultured and transfected with vector, Rabla WT or Rabla N1241 cDNA. After 48 h, the
efficiency of transfection was evaluated by Western blot analysis. Transfected BMDMs were
i.t. injected into alveolar macrophage—depleted mice. 7= 6 animals per group per time point.
(B) Total cell counts in the BAL fluid. (C) PMN counts in the BAL fluid. (D) PMN
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sequestration in lungs as assessed by MPO activity. (E) Pulmonary vascular protein
permeability as determined by protein concentration of BAL fluid. (F) Pulmonary edema
formation measured the Evans blue dye assay. (G) Lung histology. Top panel, histological
analysis of lung tissue by H&E staining (original magnification, x40); bottom panel,
histopathological lung injury scores. Measurements were performed in triplicate for data
analysis. (H) The levels of caspase-1 (Casp-1) in BAL fluid. (I) The levels of IL-1p and
IL-18 in BALF determined by ELISA. *p<0.05 vs. control (without CLP) groups, t0<0.05
vs. Vector (CLOD+CLP) group, one-way ANOVA.
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Figure 8. Rabla activity in alveolar macrophages from patients with sepsisis associated with
generation of IL-1f and IL-18 in the lung and respiratory dysfunction.
(A) Representative blots showing the protein expression of GTP-Rabla and total Rabla in

alveolar macrophages from 3 different control and septic patients. (B) Quantification of the
levels of GTP-Rabla and total Rabla. 7= 10 per group. *p<0.01, Student ftest. (C, D)
Correlation of Rabla activity in alveolar macrophages from patients with the levels of IL-18
(C) or IL-18 (D) in the lung. (E, F) Correlation of Rabla activity with the levels of
PaO,/FiO5 (E), and APACHE Il scores (F). 7= 10 per group. The data were analyzed by
linear regression analysis with a 95% confidence interval (C-F). Open circle, septic patients;
closed triangle, control (non-septic patients).
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Figure 9. Model of Rablain regulating inflammatory response.
Abbreviation: ASC, apoptosis-associated speck-like protein containing a caspase

recruitment domain; CcO, Cytochrome C oxidase; mROS, mitochondrial reactive oxygen
species; NLRP3, nucleotide binding domain-like receptor family, pyrin domain containing 3;
Rab, Ras-related protein in brain.
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Table 1
Characteristics of control and septic patients.
Variables Control (n=10) Sepsis(n=10) p value
Male 7 8
Female 3 2
Age (Years) 47+15.76 50.5+14.41 0.611
APACHEIL 5.2+1.75 10.142.33%  <0.001
SOFA Score 1.80+0.79 72+1.99% <0.001
Pa0,/FiO, 3757144512 1948045123 <0.001
BALF |L-1[3 (pg/ml) 10.85+3.18 09.86+32.95 * <0.001
BALF IL-18 (pg/ml) 486+4.08 1330744847 <0.001

Page 32

Abbreviation: APACHE, acute physiology and chronic health evaluation; SOFA, sequential (sepsis-related) organ failure assessment, PaO2/FiO2,

arterial oxygen partial pressure/fraction of inspired oxygen; BALF, bronchoalveolar lavage fluid.

*
<0.001.
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